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Description 

PflcKqrow^fffthQ invention 

The present invention relates in general to appara- 
tus for the performance of a variety of surgical steps or 
procedures during surgical operations and, more partic- 
ularly, to apparatus for utilizing ultrasonic sensing as an 
integral part of such surgical procedures to expedite 
and facilitate their performance and to extend a sur- 
geon's sense of "feel". While the apparatus of the 
present invention are generally suitable for the perform- 
ance of these surgical procedures during any operation, 
they are particularly suitable for their performance dur- 
ing endoscopic surgery and, accordingly, will be 
described herein with reference to this application. 

The scope of surgical operations which can be per- 
formed using endoscopic surgery is constantly being 
expanded. Endoscopic surgery is often preferred due to 
its limited invasive nature and the corresponding 
reduced recovery time. For example, in an endoscopic 
procedure performed within the abdomen, rather than 
making a relatively large abdominal wall opening for 
surgical access, small cannulas are inserted through 
the abdominal wafl with endoscopic instruments being 
inserted through the cannulas and manipulated by a 
surgeon to perform the endoscopic surgery. 

Two operations which commonly can be performed 
to advantage using endoscopic surgical techniques are 
gall bladder surgery and surgical repair of an abdominal 
hernia In both instances, one cannula permits introduc- 
tion of a combination illuminating and viewing instru- 
ment and a second cannula permits Introduction of a 
number of different endoscopic surgical instruments 
which are used for performing surgical steps or proce- 
dures required to complete the surgical operation prior 
to removing the cannulas and closing the relatively 
small openings required for their insertion. 

A problem in using certain surgical instruments that 
is particularly apparent during endoscopic surgery is 
the lack of the surgeon's sense of feel. In non-endo- 
scopic surgery, a surgeon can normally easily verify the 
identification of structures within a conventional surgical 
opening. In particular in the two noted operations, the 
surgeon normally uses the sense of feel to verify the 
nature of visually identified vessels. 

In a gall bladder operation, for example, the bile 
duct must be distinguished from a blood vessel which 
passes close to the duct. The locations of blood vessels 
must be determined in the repair of an abdominal hernia 
using endoscopic surgery since such repair is per- 
formed by stapling a section of polymeric mesh material 
to the inside of the abdominal wall. The material secur- 
ing staples must be placed to ensure that a blood vessel 
is not stapled during the repair. 

The identification of blood vessels during endo- 
scopic surgical operations has been addressed in the 
prior art. R>r example, in U.S. patent No. 4,770,185 
issued to Silverstein et al. an uftrasonic probe is dis- 



closed wherein pulsed ultrasonic energy is used in a 
catheter to identify both venous and arterial Wood flow. 
A resulting Doppler signal is used to drive a loud- 
speaker such that the sense of hearing is used in place 

5 of the surgeon's sense of feel. 

In one of the embodiments disclosed in Silverstein 
et al vessels are identified prior to use of a separate 
instrument such as a papiilotome catheter. For this 
embodiment the ultrasonic probe must first be inserted 

10 through a cannula, utilized for identification of vessels, 
and withdrawn from the cannula to permit insertion of 
the papiilotome catheter. 

Silverstein et afs uftrasonic probe is also disclosed 
as being incorporated into the end of a papiilotome 

15 catheter, such that blood vessels can be sensed as the 
catheter is advanced towarcBng an operating position, 
and into the end of a catheter through which a needle 
may be deployed. The scanning cfirection of the ultra- 
sonic probes is disclosed as being selectable to be 

20 highly directional, sectorially or omnicfirectional. How- 
ever, in the disclosed combination ultrasonic 
probe/catheter embodiments, while the ultrasonic scan- 
ning and surgical procedures can be performed without 
removal and replacement of catheters, the scanning is 

25 not directed to the operational region of the associated 
catheters. 

US-A-3556079 discloses a method and apparatus 
for inserting a medical instrument into the body of a 
patient under the guidance of ultrasound. The appara- 
30 tus has me features recited in the preamble of claim 1. 

US-A-3942530 discloses a prostate resectoscope 
which includes an ultrasonic scanning device. This 
instrument also has the features recited in the preamble 
of claim 1. 

35 CH-A-676787 and US-A-5131394 both disclose 
uHrasonicaily guided surgical needles. 

In accordance with the present invention, a surgical 
instrument having a distal end for performing a surgical 
step and a proximal end for activating performance of 

40 the surgical step is combined with an ultrasonic sensing 
system. The combination comprises ultrasonic trans- 
ducer means associated with the dstal end of the surgi- 
cal instrument for transmitting uftrasonic energy to an 
operational field defined by the distal end of the surgical 

46 instrument for receiving ultrasonic energy reflected 
from the operational field, and for generating signals 
representative of ultrasonic energy received by the 
ultrasonic transducer means. Circuit means is coupled 
to the ultrasonic transducer means for activating the 

so transducer means to transmit ultrasonic energy and to 
receive and analyze the signals received from the uftra- 
sonic transducer means. Alerting means is coupled to 
the circuit means for informing a surgeon using the sur- 
gical instrument of the contents of the operational field. 

ss Also, power control means are coupled to the circuit 
means for connecting power to the circuit means only 
while the proximal end of the instrument is operated for 
activating the performance of the surgical step. 

Preferably; the alerting means comprises tactile 
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transducer means coupled to the proximal end of the 
surgical instrument for tactilely alerting the user to 
thereby extend and restore the using surgeon's sense 
of feel. Alternately, the alerting means may comprise an 
audible signal generator such as a speaker or ear- 5 
phone. 

The ultrasonic transducer means preferably com- 
prises directing means for directing the transmission 
and reception of the ultrasonic energy upon the opera- 
tional field For example, when the ultrasonic transducer 10 
means comprises an ultrasonic transmitter and an ultra- 
sonic receiver, the directing means may comprise trans- 
mitter acoustic lens means for focusing transmitted 
ultrasonic energy toward the operational field and 
receiver acoustic lens means for focusing ultrasonic is 
energy from the operational field upon the ultrasonic 
receiver. Alternately or in combination with acoustic lens 
means, the directing means may comprise mounting 
means for supporting the ultrasonic transmitter to direct 
the ultrasonic transmitter at the operational field and for 20 
supporting the ultrasonic receiver to direct the ultrasonic 
receiver at the operational field. 

In many of the possible embodiments of the present 
invention, the distal end of the surgical instrument com- 
prises at least two members which are movable relative 2s 
to one another for performing the surgical step within 
the operational field. For these embodiments, thedirect- 
ing means may comprise mounting means secured to 
one of the at least two members. The mounting means 
angularly support the ultrasonic transmitter relative to 30 
the one of the at least two members to aim the ultra- 
sonic transmitter at the operational field and similarly 
angularly support the ultrasonic receiver relative to the 
one of the at least two members to aim the ultrasonic 
receiver at the operational field. For example, the 35 
mounting means may comprise a bracket angularly sup- 
porting the ultrasonic transmitter on a first side of the 
one of the at least two members to aim the ultrasonic 
transmitter at the operational field and angularly sup- 
porting the ultrasonic receiver on a second side of the 40 
one of the at least two members opposite to the first 
side to aim the ultrasonic receiver at the operational 
field. 

In one of the illustrated embodiments, the surgical 
instrument comprises a surgical fastener applier with 45 
the distal end comprising a fastener ejection end and 
the proximal end comprising a handle grasped and 
operated by the user. For this embodiment the circuit 
means is housed within the handle and interconnected 
to the transducer means by wires extending from the so 
handle to the fastener ejection end. In the illustrated 
embodiments, the ultrasonic means operates at a fre- 
quency of approximately 20 megahertz. 

The circuit means may comprise comparator 
means for comparing a doppler signal derived from the ss 
signals to a threshold signal for analyzing the signals 
and preferably further comprises threshold adjustment 
means for setting the threshold signal. 

It is thus an object of the present invention to pro- 



vide improved apparatus for uftrasonically assisted sur- 
gical procedures which can be utilized in a growing 
number of surgical instruments, particularly endoscopic 
surgical instruments; to provide improved apparatus for 
uftrasonically assisted surgical procedures wherein an 
ultrasonic sensing system is incorporated into a surgical 
instrument such that it is used to monitor an operational 
field defined by a distal end of the surgical instrument; 
and, to provide improved apparatus for ultrasonically 
assisted surgical procedures wherein a surgeon's 
sense of feel is extended and restored when using a 
surgical instrument by means of the results of ultrasonic 
sensing being tactilely reported to the surgeon. 

Other objects and advantages of the invention will 
be apparent from the following description, the accom- 
panying drawings and the appended claims, the inven- 
tion being defined in the appended claims. 

Briof p^riptfon of the Drawings 

Rg. 1 is a partially sectioned perspective view of an 
endoscopic abdominal surgical operation being 
performed with an endoscopic ligating clip applier 
constructed in accordance with the present inven- 
tion; 

Rg. 2 is a side elevational view of the endoscopic 
ligating clip applier of Rg. 1 which has been par- 
tially broken away to reveal structural details of the 
incorporation of an ultrasonic sensing system into 
the clip applier; 

Rg. 3 is a fragmentary side view of the dip applier 
of Fig. 2 showing actuation of the ultrasonic sensing 
system; 

Rgs. 4-7 show incorporation of an ultrasonic trans- 
mitter and an ultrasonic receiver into the distal end 
of the endoscopic ligating clip applier of Rgs. 1-3; 
Rg. 8 is a fragmentary, partially exploded perspec- 
tive view of piggy-back mounting of two printed cir- 
cuit boards in a handle of the endoscopic clip 
applier of Rgs. 1-3; 

Rg. 9 is a perspective view of another embodiment 
of the present invention wherein an endoscopic sta- 
pler incorporates an ultrasonic sensing system; 
Rg. 1 0 is a side elevational view of the distal end of 
the endoscopic stapler of Rg. 9 which has been 
partially broken away to reveal structural details of 
the incorporation of ultrasonic transducers therein; 
Rg. 1 1 is a bottom plan view of Rg. 1 0, taken along 
the view line 11-11, which has been partially broken 
away to reveal structural details of the incorporation 
of the ultrasonic transducers; 
Rg. 12 is a partial front elevational view of Fig. 10 
taken along the view line 12-12; and 
Rg. 13 is a perspective view of a combined blood 
clamp and ultrasonic sensing system in accordance 
with the present invention. 
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PeMed Precrtotjon pi the Invgntion 

The apparatus of the present invention wfll now be 
described with reference to the drawing figures. WhOe 
the apparatus according to the invention is generally s 
suitable for the performance of surgical procedures dur- 
ing any operation, it is particularly suitable for the per- 
formance of surgical procedures during endoscopic 
operations and, accordingly, will be described herein 
with primary emphasis on this application. 10 

The environment for performing an endoscopic sur- 
gical procedure within an abdomen 100 is illustrated in 
Fig. 1. Rather than the large abdominal wall opening 
required for surgical access in non-endoscopic proce- 
dures, first and second cannulas 102, 104 have been is 
inserted through the various layers of an abdominal wall 
106. Endoscopic instruments are inserted through the 
cannulas 102, 104 and manipulated by a surgeon to 
perform the endoscopic surgery. 

As shown in Hg. 1, the first cannula 102 is used for 20 
insertion of a combination illuminating and viewing 
instrument 108. The second cannula 104 is used for 
insertion of endoscopic surgical instruments, repre- 
sented by an endoscopic ligating cfip applier 110 in Fig. 
1, which are used for performing surgical steps or pro- 25 
cedures required to complete the surgical operation. 
Once the surgical operation is completed, the cannulas 
102, 104 are removed and the relatively small openings 
required for their insertion are closed. 

The endoscopic ligating cQp applier 110 shown in 30 
Fig. 1 is constructed in accordance with the invention of 
the present application. The cOp applier 1 10 has a distal 
end 112 for performing a step in a surgical operation 
and a proximal end 114 for activating performance of 
the surgical step. For the clip applier 1 10, the surgical ss 
step is the application of Ggating dips 1 1 6 best shown in 
Figs. 2 and 4-7, to vessels to be closed. A plurality of 
ligating dips 116 are contained within clip applier 1 10. 

The clips 116 are retained between two members 
or jaws 1 18 at the distal end 112 of the cfip applier 110. 40 
The cOps 116 are passed to the jaws 118 in a generally 
u-shaped, open form and positioned around a vessel V 
to be figated. The jaws 1 1 8 are then closed to dose and 
secure one of the dips 116 about the vessel V. The dips 
1 16 are applied within an operational field 120 defined 4s 
by the distal end 112 of the cGp applier 110 and, more 
particularly, by the opening between the jaws 1 18. 

Since the mechanical structure of the cfip applier 
1 10, as well as other surgical instruments which incor- 
porate ultrasonic sensing systems in accordance with so 
the present invention, do not form part of the invention, 
they win be described herein only to the extent neces- 
sary to fully understand the invention. The dip applier 
1 10 is commercially available from the assignee of the 
present application under the trademark UGACLIP 55 
ERCA and is the subject of EP-A-9538074. 

As shown in Figs. 1 and 2, an ultrasonic sensing 
system is combined with the dip applier 1 10 to form an 
improved surgical instrument Ultrasonic transducer 



means 122 are assodated with the distal end 112 or 
fastener ejection end of the dip appDer 110. As best 
shown in Figs. 4-7, the ultrasonic transducer means 122 
comprises an ultrasonic transmitter 124, an ultrasonic 
recover 1 26 and ultrasonic energy directing means for 
directing the transmission and the reception of ultra- 
sonic energy on the operational field 1 20. 

In the ultrasonic transducer means of Rgs. 1-2 and 
4-7, the ultrasonic energy directing means comprises 
mounting means taking the form of a mounting bracket 
128 which is secured to one of the jaws 118. The 
mounting bracket 128 supports the ultrasonic transmit- 
ter 124 and the ultrasonic receiver 126 directing the 
transmitter 124 and the receiver 126 at the operational 
field 120. Acoustic lenses may also be utilized with a 
transmitter and/or a receiver to direct ultrasonic energy 
to and from the operational field 120 of a surgical instru- 
ment as wOI be described with reference to alternate 
embodiments of the present invention. 

In any event, ultrasonic energy from the transmitter 
1 24 is directed to the operational field 120 and reflected 
back from the contents of the operational field 1 20 to the 
receiver 126. The path of the ultrasonic energy for this 
embodiment of the invention is represented by the 
arrowed paths 124a and 126a in Fig. 6. 

Rgs. 9-12 illustrate the combination of an ultrasonic 
sensing system and another endoscopic surgical instru- 
ment, in this case an endoscopic stapler 1 29, to form a 
surgical instrument in accordance with the invention of 
the present application. The stapler 129 is commercially 
available from the assignee of the present application 
under the trademarks ENDOSTAPLER ES and 
ENDOSTAPLER AES. In view of the apparent similarity 
in appearances of the dip applier 110 and the stapler 
129, corresponding elements of the two instruments will 
be identified by the same numerals. The structure of the 
stapler wOI only be described herein as necessary for an 
understanding of the present invention. 

Fig. 10 is a side elevational view of the distal end 
1 12 of the endoscopic stapler of Fig. 9 which has been 
partially broken away to reveal structural details of the 
incorporation of ultrasonic transducer means therein. In 
the endoscopic stapler 129, the ultrasonic transducer 
means takes the form of an ultrasonic transmitter 132 
and an ultrasonic receiver 134. 

In trim embodiment, the ultrasonic energy directing 
means includes a transmitter acoustic lens 132L and a 
receiver acoustic lens 134L The acoustic lenses 132L 
and 134L can be made from a number of materials well 
known in the art to focus the ultrasonic energy as 
described and shown. Accordingly, the acoustic lenses 
1 32L and 1 34L wiO not be further described herein. 

The distal end 1 12 is the fastener or staple ejection 
end of the stapler with staples 136 being ejected into the 
operational field 120* of the stapler. In accordance with 
the present invention, the contents of the operational 
field 120' is sensed by ultrasonic energy and reported to 
the surgeon using the stapler 1 29. The path of the ultra- 
sonic energy for this embodiment of the invention is rep- 
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resented by the arrowed paths 132a and 134a in Fig. 
10. 

Fig. 13 illustrates combination of an ultrasonic 
sensing system into yet another surgical instrument, a 
blood clamp 138 which is used in conventional surgery s 
as opposed to endoscopic surgery. AsshowninRg. 13, 
transducer means comprising a pair of ultrasonic trans- 
ducers 140 are embedded into one 6ide of the blood 
clamp 1 38. One of the pair of ultrasonic transducers 1 40 
serves as a transmitter while the other serves as a io 
receiver. The pair of ultrasonic transducers 140 are ori- 
ented at an angle of approximately 0° relative to the 
clamping surface 140a 

The angular orientation of the pair of ultrasonic 
transducers 140 preferably is slightly different for each is 
of the transducers 140 such that ultrasonic energy is 
directed to the operational field 120" occupied by a 
blood vessel V by the transmitting transducer and 
reflected back from the operational field 120" to the 
receiving transducer. Of course, acoustic lenses can be 
used on one or both of the pair of ultrasonic transducers 
140 in place of or in addition to the angular orientation 
for directing ultrasonic energy associated with the trans- 
ducers 1 40 toward or from the operating field 1 20". 

Whatever the form of the ultrasonic transducer 
means, circuit means are provided for activating the 
transducer means to transmit ultrasonic energy to the 
operational field defined by an associated surgical 
instrument. The - circuit means also provides for receiv- 
ing signals generated by the transducer means in 
response to received ultrasonic energy which is 
reflected from the operational field and for.analyzing 
those signals. Since the circuit means is a conventional 
circuit design as far as transmission and reception of 
ultrasonic energy and processing of the resulting sig- 
nals is concerned, it will be described herein only with 
reference to its assembly and packaging which permits 
it to be readily combined with surgical instruments. In 
particular, the assembly and packaging for use in the 
previously described ligating clip applier 110 will be 
described From this description, its application to other 
surgical instruments will be apparent 

As shown in Rgs. 2, 3 and 8, the circuit means for 
activating the transducer means of the ligating clip 
applier 110 is packaged on two printed circuit boards 
144, 146. In general, the circuit boards 144, 146 are 
partitioned such that the upper printed circuit board 1 44 
includes the circuitry for driving the ultrasonic trans- 
ducer means and the lower printed circuit board 146 
includes the circuitry for receiving signals from the so 
transducer means. Accordingly, the upper printed circuit 
board 1 44 is connected to the ultrasonic transmitter 1 24 
via wiring 124w and the lower printed circuit board 146 
is connected to the ultrasonic receiver via wiring 126w. 

In the illustrated embodiment the circuit means and ss 
transducer means are constructed for operation at a fre- 
quency of approximately 20 megahertz. While it is 
apparent that other frequencies can be utilized in 
accordance with the present invention, the 20 mega- 



hertz frequency is used in the illustrated embodiments 
to better define the focus zone size and depth of pene- 
tration of the ultrasonic energy into the tissue. 

The circuitry on the boards 144, 146 is of a conven- 
tional design Commercially available components may 
be surface and otherwise mounted to occupy a limited 
amount of board space on the boards 144, 146. The 
boards 144, 146 are also mounted in "piggy-back" fash- 
ion, with one board on top of the other to compact the 
circuitry further and conserve space within the instru- 
ment While external circuitry can be utilized in the 
present invention, the compact arrangement illustrated 
is preferred since it is mounted within a first portion 
148a of a handle 1 48 formed at the proximal end 1 14 of 
the dip applier 1 10 to form a compact self-contained 
combination instrument. The handle 148 is grasped and 
operated by a surgeon by pivotally moving a second 
portion 148b of the handle 148 toward the first portion 
148a in a well known manner. 

The results of sensing the contents of an opera- 
tional field, such as the operational fields 120, 120*, 
120", are communicated to a surgeon using tie dip 
applier 110 during performance of the surgical proce- 
dure, such as for example applying a ligating dip to a 
vessel. To that end, alerting means are coupled to the 
circuit means for informing the surgeon of the contents 
of the operational field. The alerting means may prefer- 
ably comprise a tactile transducer 150 in the illustrated 
dip applier 1 10 of Figs. 1-3. 

The tactile transducer 150 is shown as being posi- 
tioned within an index finger receiving indentation on 
the pivotally mounted portion 148b of the handle 148. 
The transducer 150 may be operated at a frequency of 
approximately 5 kiiohertz. While this position and fre- 
quency of operation of the tactile transducer 150 are 
currently believed to be preferred, it may ultimately be 
preferred to mount the tactile transducer at other posi- 
tions on the handle 148 or proximal end 114 of the dip 
applier 1 10 which are accessible to the surgeon and to 
operate the tactile transducer 1 50 at other frequences. 

Alternate alerting means may comprise a set of 
headphones, a speaker or the like (not shown) which 
can be coup! ed to the circuitry on the boards 1 44, 1 46 in 
the dip applier 110 by means of an electrical jack 152 
which is moulted in the base of the first portion 1 48a of 
the handle 148. It is also possible to incorporate a 
sound source directly into the handle 148 which would 
further simplify the structure of the instrument when 
audible alerting is used. 

In the illustrated embodiment, the drcuitry on the 
boards 144, 146 is operated by power from a battery 
154 mounted parallel and adjacent to the boards 144, 
148 in the clip applier 110. The battery 154 can be 
rechargeable in the event the clip applier is to be reusa- 
ble. For a rechargeable battery, recharging can take 
place through the jack 152. Alternately, power for the 
drcurt can be provided directly through the jack 152 with 
elimination of the battery 154. 

More likely is the provision of a disposable surgical 
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instrument, such as the cfip appDer 1 1 0. For a disposa- 
ble instalment, the battery 154 is selected for power lev- 
els available from the battery and its shelf life. Currently, 
for disposable instruments, alkaline, lithium or silver 
oxide batteries provide sufficiently high power output 
and have long shelf life. 

To be sure that power is not drained from a battery 
of a battery powered instrument a power switch 156 Is 
provided to activate the circuitry of the instrument when 
the pivotaily mounted portion 148b of the handle 148 Is 
at least partially operated as shown in Rg. 3. bi the illus- 
trated embodiment, the pivotaily mounted portion 148b 
of the handle 148 is biased into an open position spaced 
from the first portion 148a of the handle 148 by a spring 
158. 

In the open position of the handle portion 148b 
shown in Fig. 2, an activating lever 156a of the switch 
156 is activated to open normally closed contacts of the 
switch 156. When the handle portion 148b is moved 
toward the handle portion 1 48a of the clip appfier 1 10 by 
at least a minimum amount, the normally closed con- 
tacts of the switch 156 are dosed, providing power to 
the ultrasonic sensing system such that it can sense the 
contents of the operational field 1 20 and report the con- 
tents to the surgeon. 

The ultrasonic sensing system remains active until 
the first handle portion 148a is allowed to return to Hs 
open position under control of the spring 158. To verify 
activation of the ultrasonic sensing system to a surgeon 
using the clip applier 110, a light emitting diode 160 or 
other indicator device located at the proximal end 1 1 4 of 
the cGp applier 110 is activated while power is con- 
nected to the ultrasonic sensing system. 

The circuitry on the printed circuit boards 144, 146 
includes two potentiometers 162, 164 with the potenti- 
ometer 164 being accessed through an opening 166 in 
the board 144. One of the potentiometers 162, 164 is 
used to set the volume of an audible alerting device or 
the level of signal produced by the tactile transducer 
while the other one of the potentiometers 162, 164 is 
used to set a threshold level to which a doppler signal is 
compared via comparator means included within the cir- 
cuitry on the circuit boards 144, 146. 

If the doppler signal exceeds the set threshold, then 
the user of the instrument is alerted either tactflely or 
audibly during that time. The using surgeon is able to 
detect venous flow, which generates a continuous alert- 
ing signal, and arterial flow, which generates a pulsating 
alerting signal. Further, a vessel such as the bile duct 
which does not contain a fluid flowing at a sufficient 
velocity to generate a doppler signal having an ampli- 
tude in excess of the set threshold, may be determined. 
While it Is contemplated that the potentiometers 162, 
164 wiD be set and then sealed during production, it is 
possible to permit field adjustment by disassembly of 
the handle 148 or by providing openings (not shown) 
through the handle 148. Such openings can be sealed, 
for example, by resilient plugs or the like. 

In instruments constructed in accordance with the 



invention of the present application, a surgeon is able to 
concentrate on manipulating the instruments into proper 
positions to perform corresponding surgical procedures, 
such as dip application or staple insertion. After such 
5 positioning, tie surgeon can sense uttrasonicaDy 
thereby extending and returning the surgeon's sense of 
feeling to determine the contents of the instruments' 
operational fields prior to performing the procedures. 
Even though manipulation of the instruments 
10 includes rotation of their distal ends, as shown by the 
double headed arrows in Figs. 7 and 9, the ultrasonic 
sensing system is stiD property direded upon the opera- 
tional fields defined by the instruments fadOtating and 
easing the performance of the surgical procedures. 
is While the wiring interconnecting the circuitry on the cir- 
cuit boards 144, 146 and the ultrasonic transducers of 
the instruments can tolerate several rotations of the dis- 
tal ends of the instruments in one direction, it may be 
desirable to define rotation stops to Gmrt rotation in 
20 either direction to approximately 360°. 

While the use of the ultrasonically assisted surgical 
instruments should be apparent from the foregoing 
description of illustrative embodiments of surgical 
instruments incorporating ultrasonic sensing systems, 
2$ an illustrative use of such an instrument will now be 
described for sake of darity. 

While the proximal end of the instrument is oper- 
ated for activating the performance of the surgical step, 
ultrasonic energy is transmitted to the operational field 
30 of the surgical instrument and reflected from the con- 
tents of the operational field. The ultrasonic energy 
ref leded from the operational field of the surgical instru- 
ment is received and doppler signals representative of 
the contents of the operational field are generated in 
35 response to the received ultrasonic energy. The doppler 
signals are analyzed to deter mine the nature of the con- 
tents of the operational field of the surgical instrument 
and the user of the surgical instrument is informed of 
the contents of the operational field. 
40 Having thus described the apparatus of the present 
invention in detail and by reference to preferred embod- 
iments thereof, it will be apparent that modifications and 
variations are possible without departing from the scope 
of the invention defined in the appended daims. 

45 

Claims 

1. A surgical instrument (110) comprising an ultra- 
sonic sensing system, said surgical instrument hav- 
50 ing a distal end (1 1 2) for performing a surgical step 
and a proximal end (1 14) for activating performance 
of said surgical step, and said sensing system com- 
prising: 

55 ultrasonic transducer means (122) associated 

with said distal end (112) of said surgical 
instrument for transmitting ultrasonic energy to 
an operational field (120) defined by said distal 
end of said surgical instrument for receiving 
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ultrasonic energy reflected from said opera- 
tional field, and for generating signals repre- 
sentative of ultrasonic energy received by said 
ultrasonic transducer means; 
circuit means, coupled to said ultrasonic trans- 
ducer means (1 22) and responsive to said sig- 
nals, for activating said transducer means to 
transmit said ultrasonic energy and for receiv- 
ing and analyzing said signals from said ultra- 
sonic transducer means; and 
alerting means (150) coupled to said circuit 
means for informing a user of said surgical 
instrument of the contents of said operational 
field, 

characterised in that said sensing system 
further comprises power control means (156) cou- 
pled to said circuit means for connecting power to 
said circuit means only while said proximal end 
(114) is operated for activating the performance of 
said surgical step. 

2. A surgical instrument as claimed in claim 1 wherein 
said alerting means (150) comprises tactile trans- 
ducer means, coupled to said proximal end (1 14) of 
said surgical instrument (110), for tactilely alerting 
said user. 

3. A surgical instrument as claimed in claim 1 wherein 
said alerting means comprises an audible signal 
generator. 

4. A surgical instrument as claimed in claim 1 wherein 
said ultrasonic transducer means comprises direct- 
ing means for directing the transmission and recep- 
tion of said ultrasonic energy on said operational 
field (120). 

5. A surgical instrument as claimed in claim 4 wherein 
said ultrasonic transducer means comprises an 
ultrasonic transmitter (132) and an ultrasonic 
receiver (134), and said directing means comprises 
transmitter acoustic lens means (1 32L) for focusing 
transmitted ultrasonic energy toward said opera- 
tional field (120) and receiver acoustic lens means 
(134L) for focusing ultrasonic energy from said 
operational field upon said ultrasonic receiver 
(134). 

6. A surgical instrument as claimed in claim 4 wherein 
said ultrasonic transducer means (122) comprises 
an ultrasonic transmitter (124) and an ultrasonic 
receiver (126), and said directing means comprises 
mounting means (128) for supporting said ultra- 
sonic transmitter to direct said ultrasonic transmit- 
ted at said operational field (1 20) and for supporting 
said ultrasonic receiver to direct said ultrasonic 
receiver at said operational field. 



7. A surgical instrument as claimed in claim 6 wherein 
said directing means further comprises transmitter 
acoustic lens means (1 32L) for focusing transmitted 
ultrasonic energy upon said operational field (120) 
and receiver lens means (134L) for focusing ultra- 
sonic energy from said operational field upon said 
ultrasonic receiver (134). 

8. A surgical Instrument as claimed in claim 4 wherein 
said ultrasonic transducer means (122) comprises 
an ultrasonic transmitter (124) and an ultrasonic 
receiver (126). said distal end of said surgical 
instrument comprises at least two members (118) 
which are movable relative to one another for per- 
forming said surgical step within said operational 
field (120), and said directing means comprises 
mounting means (128) secured to one of said at 
least two members (118) for angularly supporting 
said ultrasonic transmitter (124) relative to said one 
of said at least two members to aim said ultrasonic 
transmitter at said operational field (120) and for 
angularly supporting said ultrasonic receiver (126) 
relative to said one of said at least two members to 
aim said ultrasonic receiver at said operational field. 

9. A surgical instrument as claimed in claim 8 wherein 
said mounting means comprises a bracket (128) 
angularly supporting said ultrasonic transmitter 
(124) on a first side of said one of said at least two 
members (1 1 8) to aim said ultrasonic transmitter at 
said operational field and angularly supporting said 
ultrasonic receiver (126) on a second side of said 
one of said at least two members opposite to said 
first side to aim said ultrasonic receiver at said 
operational field. 

1 a A surgical instrument as claimed in claim 1 wherein 
said surgical instrument comprises a surgical fas- 
. tener applied with said distal end (112) comprising 
a fastener ejection end and said proximal end (114) 
comprising a handle (148a) grasped and operated 
by said user, said circuit means being housed 
within said handle and interconnected to said trans- 
ducer means (122) by wires extending from said 
45 handle to said fastener ejection end. 

11. A surgical instrument as claimed in any preceding 
claim wherein said ultrasonic means operates at a 
frequency of approximately 20 megahertz. 

50 

12. A surgical instrument as claimed in any preceding 
claim wherein said circuit means comprises compa- 
rator means for comparing a doppler signal derived 
from said signals to a threshold signal for analyzing 

55 said signals. 

13. A surgical instrument as claimed in claim 12 
wherein said circuit means further comprises 
threshold adjustment means for setting said thresh- 
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old signal. 
Paienlansprttcho 

1. Chirurgisches Instrument (110), das ein intra- s 
schallabtastsystem enthaft, wobei das chirurgische 
Instrument ein distal es Ende (112) zur DurchfQh- 
rung eines chirurgischen Schrfttes und ein proxima- 
les Ende (114) zum AusJGsen der DurchfOhrung 
des chirurgischen Schrrttes besrtzt wobei das 10 
UHraschallabtastsystem umfaBt: 

einen mit dem distal en Ende (1 12) des chirur- 
gischen Instrumentes gekoppetten Uttraschall- 
wandler (1 22) zum Aussenden von is 
Ultrascnallenergie zu einem durch das distal e 
Ende des chirurgischen Instrumentes deflnier- 
ten Operationsfeld (120) sowie zum Empfang 
der von dem Operationsfeld ref lektierten Ultra- 
schallenergie und zum Erzeugen von Signalen, 20 
die der von dem Urtraschallwandler empfange- 
nen Ultraschallenergie entsprechen; 
eine mit dem UKraschaOwancDer (122) gekop- 
perte und auf die genannten Signale anspre- 
chende Schaltung zum Aktivieren des 2s 
Wanders zum Aussenden der Ultraschallener- 
gie und zum Empfang en und Analysieren der 
Signale von dem UJtraschaflwandler (122); und 
eine mit der Schaltung getoppette Signalvor- 
richtung (1 50) zum fnformieren des Anwenders 30 
des chirurgischen Instrumentes Qber die 
tnhalte des OperationsfekJ es, 

dadurch gekennzeichnet, da8 das A b tast s ys te m 
ferner eine mit der Schaltung getoppette Lei- 35 
stungsregeiung (156) enthatt, welche die Lei stung 
an die Schaltung nur dann anschlieBt, werm das 
proximale Ende (114) zum AusJGsen der DurchfOh- 
rung des chirurgischen Schrrttes betatigt wind. 

40 

2. Chirurgisches Instrument nach Anspruch 1, bei 
dem die Signalisiervomchtung (150) einen BerQh- 
rungswandler umfaBt der zum taktilen Signalisie- 
ren des Anwenders mit dem proximal en Ende (1 14) 
des chirurgischen Instrumentes (1 1 0) gekoppeft ist as 

3. Chirurgisches Instrument nach Anspruch 1, bei 
dem die Signalisiervomchtung einen Generator fur 
ein HOrsignal aufweist 

so 

4. Chirurgisches Instrument nach Anspruch 1, bei 
dem der UrtraschaHwandler eine Ausrichtvorrich- 
tung zum Ausrichten der Aussendung und des 
Empfangs der Ultraschallenergie auf das Operarj- 
onsfekj (120) enthaft. ss 

5. Chirurgisches Instrument nach Anspruch 4, bei 
dem der Urtraschallwandler einen Urtraschallsen- 
der (132) und einen Uftraschallenrpf finger (134) 



enthaft und die Ausrichtvorrichtung akustische 
Senderfinsen (132L) zum Fokussi eren der zum 
Operationsfeld (120) ausgesendeten Urtraschaflen- 
ergie und akustische EnpfangerGnsen (134L) zum 
Fokussi eren der Ultraschallenergie von dem Ope- 
rationsfekJ auf den Urtraschallempfanger (134) ent- 
haft. 

6. Chirurgisches Instrument nach Anspruch 4, bei 
dem der Urtraschallwandler (1 22) einen Urtraschall- 
sender (124) und einen Ul traschal I empfang er (126) 
enthaft und die Ausrichtvorrichtung eine Morrtage- 
vorrichtung (1 28) zur Halterung des Uttraschallsen- 
ders zum Ausrichten des ausgesendeten 
Ultraschalls auf das Operationsfeld (120) sowie zur 
Halterung des Ultraschallempfangers zum Ausrich- 
ten des Ultraschallempfangers auf das Operations- 
fekJ umfaBt 

7. Chirurgisches Instrument nach Anspruch 6, bei 
dem de Ausrrchtvomchtung ferner akustische Sen- 
deriinsen (132L) zum Fokussi eren der ausgesen- 
deten Ultraschallenergie auf das Operationsfeld 
(120) und akustische Empfangerlinsen (134L) zum 
Fokussi eren der UKraschalenergie von dem Opera- 
tionsfeld auf den Uftraschall empf anger (134) ent- 
hart 

8. Chirurgisches Instrument nach Anspruch 4, bei 
dem der Urtraschallwandler (122) einen UltraschalJ- 
sender (124) und einen Ultraschal I empfang er (126) 
enthaft, das distale Ende des chirurgischen Instru- 
mentes mindestens zwei Bauelemente (1 18) auf- 
weist, welche zur DurchfOhrung des chirurgischen 
Schrrttes im Operationsfeld (120) relatfv zueinander 
beweglich sind, und die Ausrichtvorrichtung eine 
Montagevorrichtung (128) enthalt die an einem der 
mindestens zwei Bauelemente (118) zum winkel- 
fOrmigen Haften des Uftraschallsenders (124) in 
bezug auf eines der mindestens zwei Bauelemente 
befestigt ist, um den Urtraschalteender auf das 
Operationsfeld (120) einzustellen, sowie zum wirv 
kelfOrmigen Haften des Ultraschallempfangers 
(126) in bezug auf eines der mindestens zwei Bau- 
elemente, um den Urtraschallempfanger auf das 
Operationsfeld einzustellen. 

9. Chirurgisches Instrument nach Anspruch 8, bei 
dem die Montagevorrichtung eine Kfammer (128) 
umfaBt, die den Uftraschallsender (124) auf einer 
ersten Seite des einen der mindestens zwei Bau- 
elemente (118) winkeffOrmig haft um den Uftra- 
schallsender auf das Operationsfeld einzustellen, 
und den Urtraschallempfanger (126) auf einer zwei- 
ten, der ersten Seite gegenQberiiegenden Seite 
des einen der mindestens zwei Bauelemente win- 
keffOrmig haft, um den Urtraschallempfanger auf 
das Operationsfeld einzustellen. 
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10. Chirurgisches Instalment nach Anspruch 1, bei 
dem das chirurgische Instrument einen chirurgi- 
schen VerschluB umfaBt, der am distal en Ende 
(112) angebracht ist das eln Auswurfende for den 
VerschluB errrMIt und das proximal e Ende (114) 5 
einen Handgriff (148a) aufweist, der vom Anwender 
erfaBt und betatigt wird, und die Schaltung vom 
Handgriff umschlossen und mit dem Wandler (122) 
durch Drfthte verbunden ist, die sich vom Handgriff 
zum Auswurfende f Or den VerschluB erstrecken. 70 

11. Chirurgisches Instrument nach einem der vorher- 
gehenden AnsprOcha. bei dem die Urtraschairvor- 
richtung bei einer Frequenz von annahernd 20 
Megahertz arbeitet is 

12. Chirurgisches Instrument nach einem der vorher- 
gehenden AnsprOche, bei dem die Schaltung einen 
Komparator zum Vergleichan eines von den Signa- 

len abgeleiteten Dopplersignals mit einem Schwel- 20 
lensignal zur Analyse der Signals errthart. 

13. Chirurgisches Instrument nach Anspruch 12, bei 
dem die Schaltung femer eine Schwelleneinstell- 
vorrichtung zum Enstellen des Schwellensignals 25 
enthfllt. 

Revendlcations 

1. Instrument chirurgical (110) comprenant un sys- .30 
tfeme de detection ultrasonique, ledit instrument 
chirurgical comportant una extr6mit6 distale (112) 
servant k exporter une action chirurgicale, et une 
extr&nrte proximale (1 14) pour d6clencher I'exdcu- 
tion de ladite action chirurgicale et ledit syst&me de ss 
detection comprenant : 

• des moyens formant transducteur k ultrasons 
(122) associSs k ladite extr£mit6 distale (112) 
dudit instrument chirurgical pour la transmis- 40 
sion d'une 6nergie urtrasonique k une zone 
op6ratoire (120) d6finie par ladite extr6mrt6 
distale dudit instrument chirurgical, pour rece- 
voir une 6nergie ultrasonique r§H6chie par 
ladite zone op&ationnelle, et pour produire des 45 
signaux repr^sentatrfs d'une 6nergie urtrasoni- 
que recue par lesdits moyens formant trans- 
ducteur k ultrasons ; 

• des moyens k circuit couples auxdHs moyens 
formant transducteur k ultrasons (1 22) et aptes 50 
k r6pondre auxdits signaux, pour activer lesdits 
moyens formant transducteur de mani&re k 
transmettre ladite Snergie ultrasonique et k 
recevoir et analyser lesdits signaux prcvenant 
desdits moyens formant transducteur k ultra- 55 
sons ;et 

• des moyens d'avertissement (150) coup!6s 
auxdits moyens k circuit pour informer un utili- 
. sateur dudit instrument chirurgical, du contenu 



de ladite zone op&atoire, 

caract6ris6 en ce que ledit moyen de detection 
comprend en outre des moyens de commando de 
puissance (156) couplte auxdits moyens k circuit 
pour appfiquer une 6nergie auxdits moyens k circuit 
uniquement a lore que ladite extr6mrt6 proximale 
(1 14) est actionn6e pour dMencher PexScution de 
ladite action chirurgicala 

2. Instrument chirurgical selon la revendication 1, 
dans lequel lesdits moyens d'avertissement (150) 
comprermertt des moyens formant transducteur 
tactile couples k ladite extrgm'rtt proximale (114) 
dudit instrument chirurgical (110), pour avertir 
d une mani&re tactile ledit utiiisateur. 

3. Instrument chirurgical selon la revendication 1, 
dans lequel lesdits moyens d'avertissement com- 
prennent un g6n6rateur de signaux audibles. 

4. Instrument chirurgical selon la revendication 1, 
dans lequel lesdits moyens formant transducteur k 
ultrasons comprennent des moyens directifs ser- 
vant k diriger remission et la reception de lacfite 
Snergie ultrasonique sur ladite zone op&atoire 
(120). 

5. Instrument chirurgical selon la revendication 4, 
dans lequel lesdits moyens formant transducteur k 
ultrasons comprennent un 6metteur ultrasonique 
(132) et un r6cepteur ultrasonique (134), et lesdits 
moyens directifs comprennent des moyens (132L) 
en forme de lentille acoustique d'6metteur pour 
focaliser l^nergie urtrasonique 6mise en direction 
de ladite zone op&atoire (120), et des moyens 
(134L) en forme de lentille acoustique de r&epteur 
pour focaliser l'6nergie acoustique prcvenant de 
ladite zone opSratoire sur ledit r6cepteur ultrasoni- 
que (134) 

6. Instrument chirurgical selon la revendication 4, 
dans lequel lesdits moyens formant transducteur k 
ultrasons (1 22) comprennent un 6metteur urtrasoni- 
que (124) et un r&epteur ultrasonique (126), et les- 
dits moyens directifs comprennent des moyens de 
montage (126) pour supporter led'rt 6metteur ultra- 
sonique de manidre k diriger lesdits ultrasons 
transmis k ladite zone op6ratoire (120) et pour sup- 
porter ledit r6cepteur ultrasonique de mantere k 
diriger ledit r&epteur ultrasonique sur ladite zone 
op6ratoire. 

7. Instrument chirurgical selon la revendication 6, 
dans lequel lesdits moyens directifs comprennent 
en outre des moyens (132L) formant lentille acous- 
tique d'6metteur pour focaliser l'6nergie ultrasoni- 
que 6mise sur ladite zone op6ratoire (120) et des 
moyens (134L) en forme de lentille de rdcepteur 
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pour fbcaGser renergie uttrasonique deflvree par 
ladite zone operatoire sur lecfit recepteur uttrasoni- 
que (134). 

8. Instrument chirurgical selon la revendication 4, 
dans lequel lescfits moyens formant transducteur a 
uttrasons (122) comprerment un 6metteur uttrasoni- 
que (124) et un rteepteur uttrasonique (126), ladite 
extremite distale dud'rt instrument chirurgical com- 
prend au moins deux elements (118), qui sont 
deplagables Tun par rapport k Pautre pour exporter 
ladite action chirurgicale dans ladite zone cpera- 
toire (120), et lesd'rts moyens directifs comprennent 
des moyens de montage (128) fix6s a llm desdits 
au moins deux elements (118) pour supporter 
angulairement I edit emetteur uttrasonique (1 24) par 
rapport audit premier desdits au moins deux ele- 
ments pour orienter lecfit emetteur uttrasonique sur 
ladite zone operatoire (120) et pour supporter 
angulairement ledit recepteur uttrasonique (126) 
par rapport audit premier desdits au moins deux 
elements pour orienter ledit recepteur uttrasonique 
sur ladite zone operatoire. 



13. Instalment chirurgical selon la revendication 12, 
dans lequel lescfits moyens a circuit comprennent 
en outre des moyens de reglage de semi pour 
regler ledit signal de seuB. 

5 
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9. instrument chirurgical selon la reverxfication 8, 25 
dans lequel lescfits moyens de montage compren- 
nent une console (128) supportant angulairement 
ledit emetteur uttrasonique (124) sur un premier 
cdte ducfit premier desdits au moins deux elements 
(118) pour orienter ledit emetteur uttrasonique sur 30 
ladite zone operatoire et supportant angulairement 
ledit recepteur uttrasonique (126) sur un second 
cdte dud'rt premier desdits au moins deux elements 
opposes audit premier cdte pour orienter ledit 
recepteur uttrasonique sur ladite zone operatoire. 35 

10. Instrument chirurgical selon la revindication 1, 
dans lequel ledit instrument chirurgical comprend 
una attache chirurgicale appfiquee, avec ladite 
extremite distale (112) comprenant une extremM ao 
dejection de I'attache et ladite extremite proximate 
(114) comprenant une poignee (148a) saisie et 
actionnee par ledit utilisateur, lescfits moyens for- 
mant circuit etant toges dans ladite poignee et inter- 
connects auxdHs moyens formant transducteur as 
(122) par des fits qui s'etendent depuis ladite poi- 
gnee jusqu'a ladite extremite cfejection de la pince. 

11. Instrument chirurgical selon l*une quelconque des 
revendications precedent es, dans lequel lesdrts so 
moyens uttrasoniques fonctionnent a une fre- 
quence cf environ 20 megahertz. 



12. Instrument chirurgical selon rune quelconque des 
revendications precedences, dans lequel lesdits ss 
moyens a circuit comprennent des moyens compa- 
rateurs pour comparer un signal Doppler obtenu k 
partir desdits signaux, a un signal de seuil pour 
r analyse desdits signaux 
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